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INTRODUCTION 
 
There has been a tremendous advancement in the procedures and  
materials used for endodontic treatment in the past few decades. Irrespective 
of the proficiency in techniques, procedural errors can occur during various 
stages of an endodontic treatment. Incomplete access cavity preparation, 
perforations during the identification of  canal orifices, errors occurring due to  
biomechanical preparation and obturation , noxious  reactions  to the materials 
used during the procedure and recontamination are a few of them.The first 
common cause of failure in endodontically treated teeth is associated with 
poor restorations. Perforation has been identified as the second greatest cause 
of endodontic failure that accounts for 9.6% of all unsuccessful cases (Ingle et 
al)53 
Perforation is defined as the mechanical or pathological communication 
which is formed between the root canal system and the supporting periodontal 
apparatus of the tooth.23,101 It can be caused due to pathologic process or by 
procedural errors during the endodontic treatment. Perforation can occur at the 
furcation or in the coronal, middle or apical third of the root 101 As a result of 
furcation perforation, destruction of the periodontal tissues may occur, which 
ultimately lead to loss of the tooth (Torabinejad)119 Prognosis of this 
complication depend on several factors  such as, the location, size and the site 
of perforation, time of repair, and the health of the periodontium.85 Furcal 
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perforations are the most detrimental and have a worse prognosis than recent, 
small, coronal and apical perforations.122 
Furcal perforations can be treated by surgical or nonsurgical means,in 
some cases,conventional endodontic treatment is not sufficient to solve the 
problem and surgical endodontic intervention is required for long term 
success. Surgical approach may complicate the treatment and lead to chronic 
inflammation, furcal pocket formation and loss of periodontal attachment 23,101 
Sealing of the perforated region is essential as it prevents contamination 
and restores the physiological condition of the tooth and its surrounding 
tissues.85 Unsealed perforations result in the loss of bone due to invasion of 
microorganisms, hence a suitable repair material is used to adequately seal the 
defect.107 
The material  should be biocompatible, bacteriostatic, non carcinogenic, 
radiopaque,  provide an adequate seal,  ability to promote osteogenesis and 
cementogenesis, ease of manipulation.57 It  should also prevent microleakage  
without which the aim of the perforation management is not achieved.25 
Several materials such as Indium foil, Amalgam, IRM , EBA, LC GIC, 
Calcium Hydroxide, Zinc Oxide Eugenol, Gutta percha , Cavit, Dentin chips, 
Tricalcium  Phosphate  have  been  used  over the years.85 Amalgam and 
Indium foil together provide a satisfactory seal, however its usage caused 
severe bone resorption as compared to groups without use of indium foil. 
According to  a study by Eideeb et al, Amalgam was considered as the best 
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perforation repair material when compared with Cavit and Calcium 
hydroxide.30 But, the sealing ability of amalgam at the site of furcation had not 
been considered successful . It was not possible to achieve a seal between the 
dentin - amalgam since there was extrusion of  the material beyond the 
perforation site. Glass ionomers, Compomers, and Resins showed a good bond 
to dentin and a resistance to dissolution  while the use of  IRM , EBA showed 
a considerable dye leakage in a study conducted by Lee J.S et al 72  
 Materials used to repair perforations have varied physical properties, 
among these materials Amalgam shows insufficient marginal sealing,and do 
not generate hard tissue formation. The main drawback of the conventional 
repair materials was their inability to  provide an ideal seal and poor 
biocompatibility. MTA, since its introduction in 1993, has been considered as 
the most  preferred material by fulfilling the limitations of the previously used 
materials in perforation repair. It is made up of hydrophilic particles,with 
principal components being, dicalcium silicate, tricalcium silicate, aluminum 
and calcium oxide.57 Although it is known to have poor handling 
characteristics, it has exhibited acceptable invivo biologic performance when 
used for perforation repair. MTA has also demonstrated low solubility and 
cytotoxicity (Torabinejad et al 2007)119. Furthermore it has the ability to 
induce cementogenesis and permits cementoblast attachment followed by 
growth as well as the production of mineralized matrix, gene and protein 
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expression. MTA also had been proved to show less  dye penetration when 
used as a repair material.115 
Torabinejad et al compared the sealing ability of MTA and Super EBA and 
stated that MTA showed  significantly lesser leakage than the other 
materials.119 However, Torabinejad et al 1995, Kogan et al 2006 showed that 
long setting time, difficult handling characteristics and porosity after setting 
may affect the performance of MTA. 
In 2009, Septodent introduced Biodentine which was  invented by Gilles 
and Olivier.57 It is  available  as a predosed capsule  aiding in improved 
physical properties and  ease of use. With a setting time of around 9-12 
minutes, the risk of contamination  is reduced and is  widely   used as a root 
perforation management material, as dentin replacement  in Apexification and  
in resorptive lesions. A good handling has also been attributed to this material. 
Bond strength of Biodentine is least affected due to blood contamination 
According to a study by Malhotra and Hedge et al, it was emphasized that the 
interfacial layer formed between Biodentine and dentine was similar to the 
hard tissue layer formed by ProRoot MTA.77 They also showed that the 
excellent adaptability of Biodentine was by micromechanical adhesion. Koubi 
et al. used glucose diffusion microleakage method and concluded that the 
performance of Biodentine was similar to  resin modified glass ionomer and 
additionally showed less marginal discoloration.65 
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Microorganisms are the main cause for an unsuccessful perforation 
management. Effective seal at the perforation site should  be achieved with a 
suitable endodontic repair  material, which prevents the microleakage of  
irritants from the root canal into the periodontal tissues.Various methods are 
used to evaluate the quality of the seal obtained ,though there is no 
standardized equipment or procedure to check the microleakage.57 Several 
methods such as air pressure neutron activation, radiolabelled isotopes, 
electromechanical tests, fluid filtration, bacterial penetration, and the use of 
dyes have been done to study the sealing ability, among which, the dye 
penetration evaluation is one of the most commonly used due to its easy 
performance. 
Chemical characteristics, pH and low molecular size of dye and it’s 
dissolution by repair  material may affect the depth of dye penetration and 
cause leakage to be over or under-estimated. In addition, various techniques 
such as Scanning electron microscopy, Transmission electron microscopy, and 
Electron probe microscope analysis have been used to image and measure 
leakage.57However,studies show that these traditional methods have 
disadvantages,the most common of which is the  time required to perform and 
lack of standardization. 
In recent years, Micro- CT analysis is increasingly used for non invasive 
assessment of objective variables and moreover, qualitative visual image 
analysis can be performed with this technique. Goldstein replicated the Field 
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Kamp Micro-CT system and evaluated the bone architecture in experimental 
osteoarthritis to create nondestructive three dimensional images.113It was 
modified and  improved for further endodontic research and  since been 
widely used, to evaluate the morphology ,anatomical variations of the root 
canal system, density of the enamel and dentin, volume of the canal, 
instrumentation of the canal, porosity, gaps and voids in the dental cement 
used in obturation, to calculate the root filling volume percentage, to check the 
interface ,and adaptation of sealer into the root canals.16,35,32,114 Unlike the 
traditional methods, the use of Micro-CT  does not require sectioning of the 
teeth to evaluate the sealing ability of the material used. Another advantage of 
its use is the possibility of repeated scanning, and the use of special software 
for manipulation of the images. 71,113,86,27,19,36,108 
This study evaluates the marginal adaptation  of  White ProRoot MTA and 
Biodentine used as furcal perforation repair materials in mandibular first 
molars under Micro-CT . 
 
  
 
 
 
 
Aim and Objectives 
Aim and Objectives 
 
7 
 
AIM AND OBJECTIVES 
AIM : 
 To evaluate the marginal adaptation of White ProRoot MTA, and 
Biodentine as furcal perforation repair materials in mandibular first molars using 
Micro Computerized Tomography. 
OBJECTIVES: 
1. To compare the marginal adaptation of White ProRoot MTA and 
Biodentine in mandibular first molars quantitatively. 
2. To compare the gap of White ProRoot MTA and Biodentine in mandibular 
first molars qualitatively. 
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REVIEW OF LITERATURE 
 
Seung Jong Lee et al (1993)72  tested the leakage of  Amalgam, IRM and 
MTA for the repair of experimentally created root perforations. The results 
showed that MTA had significantly less leakage than IRM or Amalgam 
(p<0.05), the MTA  also showed the least overfilling tendency while IRM 
showed the least underfilling tendency. 
 
T. T. Nakata et al (1998)85  evaluated the ability of MTA and Amalgam to 
seal the furcal perforations in extracted human molars using an anaerobic 
bacterial leakage model. Results suggested that MTA was significantly better 
than Amalgam in preventing leakage of Fusobacterium Nucleatum past furcal 
perforation repairs. 
 
Jong-Ki Lee et al (2006)71  measured the three dimensional canal curvature in 
maxillary first molars using micro CT and mathematic modeling ,the results 
measured the 3d curvature of root canals in  maxillary first molars and 
reinforced the value of micro CT with mathematical modeling 
 
Gustavo De-Deus et al (2007)25 assessed the ability of Portland cement 
,White angelus- Mineral trioxide, to seal furcal perforations in extracted 
human molar teeth. The teeth were divided into 3 groups and each tooth was 
assembled in a hermetic seal to allow the evaluation of fluid filtration. 
Review of literature 
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Leakage was measured by the movement of an air bubble travelling within a 
pipette connected to the teeth Kruskal-Wallis  h-test was applied to the fluid 
flow data to detect differences between the experimental 
groups(p<.05).Leakage existed in every sample and was very variable in all 
experimental groups, ranging from 0.098-0.51 µL/min. Kruskal Wallis h-test 
results showed that there was no significant difference in mean fluid flow 
between the experimental groups(P = .874).the sealing ability promoted by the 
3 cements was similar and no cement was able to produce a fluid- tight seal. 
 
Ece-Eden et al (2009)29 evaluated the reliability of marginal leakage 
assessment of self etch adhesive class II resin composite restorations in 
primary molars prepared in vivo using the Micro-CT. It was evaluated with 
the deepest marginal dye penetration and the total length of the axial cavity 
,the results showed no marginal leakage was found in five traditional and one 
ART restoration. The percentage of silver nitrate penetration depth from the 
cervical -approximal site ranged from 10.2-92.6% and there was only 
statistically significant difference observed in measuring total axial wall length 
from the cervical-approximal site between the three evaluators (p=0.02).This 
explanatory investigation showed that the micro-CT was a very useful  device 
for developing a standardized method for measuring marginal leakage from 
samples obtained in vivo.In combination with 50% silver nitrate and 4 hour 
immersion, marginal leakage from samples obtained in vivo. 
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Michael V Swain et al (2009)113 summarised the Micro CT applications in 
measurement of enamel thickness, root canal preparation, craniofacial skeletal 
structure, micro finite element modeling, dental tissue engineering, mineral 
density of dental hard tissues and about dental implants and finally a summary 
of future applications of micro CT in dental research is given. 
 
Aline De A.Neves et al ( 2010)86 optimized a microtomographic technique to 
quantitatively evaluate the effectiveness of contemporary caries – excavation 
techniques, the results showed the correction for beam hardening produced 
tooth slices with relatively homogenous gray values along the whole area of 
enamel and dentin. Accurate mineral density values were obtained for enamel 
,dentin and carious regions. After pre processing, acceptable segmentation of 
carious dentin based on gray values was accomplished, from which 
quantitative volumetric parameters were calculated. 
 
Mahmoud Torabinejad et al (2010)114 presented a review by using electronic 
and hand searching methods for the sealing ability and biocompatibility of 
MTA from November 1993-September 2009 and on the basis of available 
evidence, it appears that MTA seals well and is a biocompatible material. 
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Gul Celik Unal et al (2010)122 described the treatment of two furcal 
perforations using MTA in molar teeth and teeth were endodontically treated 
and coronally restored with composite resin and ceramic veneer crown and 
bridge. After 2 years the absence of periradicular radiolucent lesions ,pain and 
swelling along with functional stability of the tooth was seen indicating a 
successful outcome of sealing perforations in both the cases. 
 
Mousumi Biswas et al (2011)10 presented a case of non surgical root 
perforation repair by MTA using the Dental Operating Microscope. A 
radiographic evaluation at the  recall evaluation after one month revealed no 
development of a periapical lesion and no further widening of the PDL. 
 
Jingzhi Ma et al (2011)75 evaluated the biocompatibility of two root end 
filling materials ,Endosequence root repair material Putty and Paste and 
compare them with gray Mineral Trioxide Aggregate. The results showed that 
cell viability was significantly correlated with the type of material, setting time 
and incubation time(p<.001 for all parameters).ERRM putty and ERRM paste 
displayed similar cell viabilities to MTA at all experimental conditions, except 
that fresh samples of ERRM paste  showed slightly lower cell viabilities than 
MTA. Cell viabilities with IRM and Cavit G were significantly lower than 
with the lower 3 materials (p<.001) Similar surface crystallographic features 
Review of literature 
 
12 
 
and cell adhesion were observed on ERRM paste, ERRM putty and MTA and 
ERRM putty and ERRM paste displayed similar in vitro biocompatibility to 
MTA. 
 
Karen F. Lovato et al (2011)74 determined whether ESP and ESS possess 
antibacterial properties against a collection of Enterococcus Faecalis strains 
recovered from root canal infections. The hypothesis tested were that ESP and 
ESS possess  antibacterial activity during their setting reaction, There is no 
difference between ESP and MTA in antibacterial activity and E Faecalis 
strains isolated from root canals differ in susceptibility to the materials and 
combining data for all strains, the mean standard deviation viable counts ESP 
,ESS and MTA  were significantly lower than for untreated controls. The 
reduction in viable counts ranged from 1.86 ,with no statistically significant 
differences between the materials or preincubation periods. One strain was 
significantly more susceptible than 4 other strains. 
 
Ahmad M El Ma’aita et al( 2012)32 assessed the effect of indirect ultrasonic 
activation on the incidence of voids within mineral trioxide aggregate root 
canal fillings and their interface with the canal walls by using  a 
nondestructive 3 dimensional micro CT analysis, and the statistical  results 
showed a significantly lower incidence of voids P<.05 in the manual 
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compaction group 0.7%compared with the ultrasonic activation for 1 second 
3.8%, 5 seconds 1.7% and 10 seconds 1.6% groups and the results showed that 
manual compaction produced significantly denser root fillings than those 
achieved with ultrasonic activation. 
 
M.Tielemans et al (2012 )118 aimed to compare the microleakage of a root 
perforation sealed with MTA to that sealed with MTA following Er:YAG 
laser irradiation .The penetration of methylene blue in microleakage of cavity 
was observed and recorded and the mean value sealed with MTA following 
Er:YAG laser irradiation which was lower than that of unlashed cavities 
sealed only with MTA and no significant difference was noted. The use of 
Er:YAG laser beam for dentinal conditioning prior to MTA filling of 
perforated roots did not decrease the microleakage when compared to the 
conventional use of MTA filling. 
 
M.G. Gandolfi et al ( 2012)35 investigated  non destructively the percentage 
of 3D voids and marginal gaps in a pre defined interface volume of interest 
within root fillings produced by Thermafill obturators with either a 
hydrophobic epoxy resin based sealer (AH Plus) or a hydrophilic flowable 
calcium silicate sealer (MTA) flow and results of Micro Ct detected the gaps 
at the dentin sealer interface in both groups. Void volumes wider than 10.21 
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microns with 1.35 microns diameter were detected. Cul de sac type voids and 
through and through voids were discriminated, the apical thirds had a 
significantly lower 3D void volume (p<0.05) than the middle and coronal 
thirds the 3d void volume reduced significantly (p<0.05) than the middle and 
coronal thirds. The 3d void volume reduced significantly over time. A SEM-
EDX analysis revealed that MTA flow sealer created a dense apatite layer 
after 7 days of immersion in HBSS whilst only sparse calcium phosphate 
deposits were detected on AH plus even after 28 days. 
 
Janani Balachandran et al (2012)6 evaluated the sealing ability of bioactive 
bone cement, MTA and Super Ethoxy Benzoic acid as furcation repair 
materials in mandibular molars using a dye extraction leakage model and the 
results showed that Bioactive bone cement provided an excellent seal for 
furcal perforations and at the same time it provided comfortable handling 
properties, which could overcome the potential disadvantages as faced with 
MTA and bioactive bone cement showed almost similar and lower absorbance 
values  in comparison to  Super EBA. 
 
Sharad R Kokate et al (2012)64 comparatively evaluated  the microleakage of 
three root end filling materials MTA ,Glass ionomer and Biodentine  using 
dye penetration method and stereomicroscope and concluded that GIC , MTA 
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and Biodentine exhibited microleakage with Biodentine showing the least  
microleakage of all. 
 
Cacio Moura – Netto et al (2013)84 compared two endodontic preparation 
systems using Micro CT analysis. The results showed no statistically 
significant differences between the mean volumes of dentin removal by the 
two systems. However ,the endo EZE AET system presented a significantly 
greater mean surface area compared to the Protaper system.p<0.05 ,the endo 
EZE AET system enabled preparation of a greater root canal surface area 
when compared to the Protaper Universal system and there seemed to be no 
difference in dentin volume loss between the two systems used. 
 
Sabari Girish et al (2013)38 aimed to compare the sealing ability of MTA 
,polymethyl methacrylate, bone cement, and  chitra calcium phosphate cement 
when used as root end filling material using rhodamine B dye evaluated under 
a confocal laser scanning microscope, and to compare the seal of the root ends 
prepared using an ultrasonic retroprep tip and an Er:YAG laser using three 
different root end filling materials. the authors concluded that PMMA bone 
cement is a better material as root end filling material to prevent apical 
microleakage.MTA still continues to be a gold standard root end filling 
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material showing minimum microleakage. Er:YAG laser is a better alternative 
to ultrasonics for root end preparations.  
 
Roza Haghgoo et al (2013)44 conducted a study on 38 extracted human 
primary molars and furcation perforations were created in the pulp chamber 
floor. The teeth were divided randomly in two experimental groups (n=17) and 
two positive and negative control groups (n=2).Perforations were then repaired 
with biomaterials ,after 72hr, the teeth were submerged in 2% fuschin dye 
solution for 24hr and the samples were sectioned longitudinally and evaluated 
for dye leakage. Data analysed statistically using microleakage was observed 
in all experimental samples ;however there was no statistically significant 
difference between the microleakage of MTA and CEM . 
 
Gauri malik et al (2013)78 aimed to study the sealing ability of MTA and 
glass ionomer cement when used over gutta percha as intracanal sealing 
materials. The study also evaluated the sealing ability of zinc oxide eugenol 
cement and acroseal sealer. MTA group leaked significantly less than GIC 
group (p<0.05) acroseal exhibited better sealing ability than ZOE sealer. Teeth 
with no intracanal barrier showed almost complete leakage. 
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Priyalakshmi.S et al (2014)98 reviewed the availability, composition, 
manipulation, mechanism of action, properties, clinical applications of 
Biodentine  and due to major advantages and appreciable properties and 
ability to achieve Bioimimetic mineralization, Biodentine has great potential 
to revolutionise the management of affected teeth in operative dentistry and 
endodontics . 
 
Camila M.Corral Nunez et al (2014)88 assessed the cell viability and 
messenger RNA expression of Interleukin-1 alpha and IL-6 in 3T3 fibroblast 
cells when in direct contact with Biodentine and MTA,the results showed that 
the cells in contact with Biodentine and MTA showed similar viability to 
untreated control cells at all time points, with the exception of 6 hours when 
viability was decreased with both treatments, examination by SEM revealed 
cells adhering to most of the Biodentine surface after 24 hours however, for 
MTA samples, significantly fewer cells were observed. The messenger RNA 
expression of IL-1 ALPHA and IL-6 by cells in contact with Biodentine was 
similar to cells in contact with MTA. 
 
Guangyan Dong et al ( 2014)27 created a new method for obtaining high 
resolution three dimensional images of dental hard tissue development using 
Micro CT and to observe the changes in dental hard tissue development and 
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composition in growing rat pups. This study indicated that Micro CT is a non 
destructive high resolution reliable and innovative tool for the evaluation of 
volume and MD of dental hard tissues during development. Micro CT 
minimizes artifacts caused by sample preparations 
 
Ozlem Malkondu et al ( 2014)79 prepared this review article to provide the 
reader with a general picture regarding the findings about various 
characteristics of the material, the results of a PubMed search were classified 
and presented along with some critical comments where necessary and the 
review initially focuses on various physical properties of the material with 
subheadings and continues with biocompatibility ,another section includes the 
review of studies on Biodentine as a vital pulp treatment material and the 
article is finalized with the summary of some case reports where the material 
has been replaced. 
 
Ronise Ferreira Dotto et al (2014 )28 described the clinical management of a 
maxillary second premolar in which periapical radiography showed 
satisfactory canal obturation, but with a lateral root perforation present at the 
cervical level, initial treatment involved curettage and sealing of the perforated 
area with resin modified glass ionomer cement ,followed by composite – resin 
reconstruction of the crown ,there was favorable clinical radiographic 
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progression at 1- 2 year follow up and thus concluded that tooth longevity can 
be prolonged even in the presence of a root perforation 
 
Georgia E. Nikoloudaki et al (2014)87 compared the sealing ability and 
marginal adaptation of four restorative materials (MTA, Biodentine, Portland 
cement, and Resin modified glass ionomer cement) used to repair iatrogenic 
furcation perforations. Statistical analysis revealed that perforations restored 
with MTA exhibited the least microleakage with statistically significant 
difference among the other three groups (p < 0.05). The worst sealing ability 
was observed in the teeth restored with Aquafix Portland cement. No 
statistically significant difference was found between the groups of Biodentine 
and FC Fuji Lining Paste (p = 0.066). 
 
Khalid Al Fouzan et al (2014)2 compared the marginal adaptation of MTA 
with root dentin between orthograde and retrograde application techniques 
using microcomputed tomography (micro-CT) analysis and  concluded that 
MTA adaptation to dentin tooth structure is not significantly different between 
an orthograde and retrograde approach. However, the use of EDTA 
significantly improved the MTA-Dentin adaptation. 
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Eppala Jeevani et al (2014)54  evaluated the sealing ability of MICRO -
MEGA MTA ,Endosequence and Biodentine as furcation repair materials 
using a dye extraction leakage method. The results showed that highest dye 
absorbance was seen in Biodentine whereas Endosequence showed lowest dye 
absorbance when compared with other materials. 
 
Carola A. Carrera et al (2015) 16 developed a method for quantifying 
leakage in composite resin restorations after curing, using non-destructive x 
ray Micro Computed Tomography and image segmentation and the results 
showed that all samples from group1 showed silver nitrate penetration with a 
mean volume of 1.3 +- 0.7mm 3 in group 2, only 2 out of the 10 restorations 
displayed infiltration along the interface, giving a mean volume of 0.3+_.3mm   
the differentiation between the two groups was statistically significant 
,p<0.05.The  infiltration showed non uniform patterns within the interface. 
 
Shahjad Pathak et al ( 2015) 93  compared and evaluated the best sealing 
ability of four different root end filling materials i.e GIC, IRM ,MTA Angelus 
and Biodentine using SEM and Stereomicroscope, the results  showed with 
least width of gap values in group 4,biodentin,whereas group 2 IRM showed 
maximum values of gap amongst the tested samples, group 1 was better than 
group 2 and group 3 was found to be better than group1 GIC and group 2 IRM  
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Ankita Khandelwal et al ( 2015) 60 compared the sealing ability of  MTA and 
Biodentine as root end filling material, and also to compare the effect of 
different retro preparation techniques, conventional techniques, conventional 
bur vs ultrasonic tips on sealing ability of both the root end filling materials, 
the results  were statistically analysed  by using factorial ANOVA and 
Biodentine and ultrasonic preparations showed significantly less microleakage 
than MTA and bur preparations. 
 
 Stephane Kerner et al (2015)59 aimed to report on the endodontic and 
periodontal management of a root and alveolar process perforation in a 
maxillary front tooth and summarized that perforation during access cavity 
preparation is an infrequent complication during endodontic therapy, leading 
to potential periodontal tissue breakdown and this case described the two stage 
management of a massive facial root perforation requiring a connective tissue 
graft to correct a mucosal fenestration persisting after orthograde repair of the 
root defect with MTA 
 
 Pankaj Kumar Gupta et al (2015)42  aimed to evaluate the microleakage of 
Biodentine using two different manipulation methods by dye penetration and 
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the results showed a significant difference between group 1 and group 2 
p<0.001 when dye penetration scores were compared. 
 
 Peter Z Tawil et al ( 2015) 117 reviewed the history, composition, research 
findings and clinical application of MTA and concluded that when sealing 
effectiveness and biocompatibility are considered , there is no other dental 
materials on the market similar to MTA and with the recent introduction of a 
fast setting MTA which also offers excellent handling properties, MTA based 
products are likely to remain at the heart of good dental practice for many 
years to come 
 
Devabhaktuni Disha Saraswathi et al ( 2015) 102 evaluated and compared the 
apical sealing ability of MTA plus, Biodentine and MTA and results showed 
MTA plus with  less microleakage compared to Biodentine and MTA 
 
 Abhijeet Kamal kishor Kakani et al (2015)56   described all the materials 
used for perforation repair from the past till date. It also offers a literature 
review of all the articles published over last four decades referred to the 
treatment of perforation with various root repair materials and concluded that 
perforation repair is a frustrating problem to the dentist so thorough idea 
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regarding its restorability is essential which includes knowledge of site, size, 
time of perforation and various repair materials. 
 
Navleen Kaur  Suri et al (2015)112 evaluated the effect of the addition of 2 % 
chlorhexidine on the sealing ability of Biodentine and the results were 
analysed using students t test p<_ 0.05 ,group b showed the better sealing 
ability 3.06 as compared to group b 3.85,however the difference was 
statistically insignificant p>0.05. 
 
Berkan Celikten et al ( 2015)19 used Micro CT to compare three obturation 
techniques with respect to void occurrence in canals filled with bioceramic  
sealer, the results showed that there was no significant difference between 
obturation techniques in the proportion of sections with voids p>0.05, however 
the results of the obturation techniques significantly differed in relation to root 
region p< 0.05. 
 
 Mustafa Altunsoy et al (2015)3  investigated the shear bond strength of a self 
adhering flowable composites to MTA ,Biodentine and calcium enriched 
mixture,the results showed significantly higher SBS values than the group 
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made of vertise flow biodentine (p< .05) ,there were no statistically significant 
differences among the other groups(p>.05) . 
 
Suzan Margunato et al (2015)82 aimed to compare the effect of Pro Root 
MTA ,Biodentine and MM-MTA on the cell viability,hard tissue deposition 
capacity and osteogenic differentiation of human bone marrow stem cells 
derived from mandibular bone, the results showed that MTA, Biodentine,and 
MM-MTA did not exhibit a cytotoxic effect on HBMSCS after 4 days in 
culture, even though all the materials significantly stimulate (p< 
.05)osteogenic differentiation of HBMSCS compared with the negative 
control,ProRoot Mta showed greater osteoinductivity than biodentine or MM-
MTA according to the messenger RNA expression ,alkaline phosphatase, 
immune cytochemistry and alizarin red staining data. 
 
 Sakshi Malhotra et al (2015)77  aimed to evaluate the marginal seal of MTA 
Angelus, white Proroot MTA, Biodentine and Glass ionomer cement when 
used as root end filling materials and concluded that microleakage was present 
in all samples, least amount of apical dye microleakage was seen in 
Biodentine with mean value of 0.16mm followed by Proroot MTA 0.68 mm 
,MTA Angelus 0.74 mm and GIC 1.53 mm ,the best sealing was seen in 
Biodentine and this difference was statistically significant. 
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 Jia Kim,Young Sang Song et al (2016)62  assessed the ability of two new 
calcium silicate based pulp capping materials to induce healing in a rat pulp 
injury model and to compare them with MTA and results on Micro CT 
analysis ,the Pro Root MTA and Biodentine groups showed significantly 
thicker hard tissue formation p < 0.05 and on hand e staining ProRoot MTA 
showed complete dentin bridge formation with normal pulpal histology, in the 
Biodentine group and Bio Aggregate  groups a thick homogenous hard tissue 
barrier was observed, the ProRoot MTA specimens showed strong immune 
positive  reaction for DSP. 
 
 Masayuki Takabayashi et al (2016) 114 evaluated the outcomes of root canal 
preparation and obturation by third year students who were performing root 
canal treatment for the first time with Micro CT and compare the images taken 
at the first and second obturations for their training and the results showed that 
after first obturation ,mean value of the gaps and voids was reduced and 
significant differences were observed between the first and second time 
obturation group p= 0.05 ,the mean value of the preparation size was slightly 
increased and no significant changes in the preparation size were observed. 
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 Yogesh kumar et al (2016 ) 67 evaluated the sealing ability of resin modified 
GIC White MTA and Biodentine as furcation repair materials using a dye 
penetration method seen under confocal laser microscopy, within the 
limitations of this study it was observed that Biodentine showed better 
furcation sealing ability as compared  to other repairing materials. The novel 
furcation repair  materials would be potentially useful in management of 
furcation perforation for a surgical or non surgical endodontic procedures with 
favourable properties. 
 
Kusai Baroudi et al (2016 ) 68  reviewed and summarized the sealing ability 
of MTA compared with the other materials used for sealing different types of 
root perforations of permanent teeth, a literature search was conducted using 
medline accessed via the national library of medicine pub med from 2005 to 
2015 searching for articles related to sealing ability of MTA and thus study 
found that factors affecting prognosis are the size ,site of the perforation and 
time elapsed as well as the repair  material, MTA is an important filling 
material to be used for sealing different types of perforations when perforated 
sites sealed immediately with MTA 
 
Pallav Mahesh Patni et al  (2016)94   investigated the effectiveness of the 
apical seal obtained by different sealers used in conjugation with cold lateral 
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condensation technique of obturation using gutta percha under 
stereomicroscope and results showed that the Polydimethylsiloxane 
endodontic root canal sealer RSA provided a significantly better apical seal 
followed by AH plus and Apexit whereas conventional zinc oxide eugenol 
showed the lowest sealing ability 
 
 Imad About Et Al (2016)26 aimed to review a comprehensive understanding 
of Biodentine composition, preparation properties and the mechanism of 
interactions with hard and soft tissues, and provided an overview of 
Biodentine clinical applications summarizing published clinical trials and 
reporting published clinical cases with this material in restorative and pediatric 
dentistry as well as in endodontics 
 
Xianhua Gao et al  (2016)36 investigated the morphological features of apical 
delta in human teeth with Micro CT using a center line-fitting algorithm and 
within the limits of the present study, it was concluded that the diameter 
,length, shape and undulation vary among different tooth types which may 
complicate or hinder thorough chemomechanical debridement of those apical 
branches. 
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Fernananda Ferrari et al ( 2016)120 evaluated the solubility ,dimensional 
stability ,filling ability and volumetric changes of root end filling materials 
using conventional tests and new Micro CT based methods and the results 
suggested correlated data between the proposed tests, at 7 days, Biodentine 
showed higher solubility and at 30 days, showed higher volumetric change in 
comparison with MTA, p <0.05 ,with regard to volumetric change, the tested 
materials were similar p>0.05 at 7 days and at 30 days, they presented similar 
solubility, Biodentine and MTA showed higher dimensional stability than 
ZOE p,0.05 and ZOE and BIO showed higher filling ability p>0.05. 
 
Farhin A.Katge et al (2016) 57 aimed to compare the sealing ability of 
mineral trioxide aggregate plus and Biodentine for the repair of furcal 
perforations in primary molars using spectrophotometry and concluded that 
the mean value of dye absorption of MTA Plus was greater than Biodentine 
but it was statistically insignificant. 
 
Selen Nihl Sisli et al  (2017) 108 compared the effects of different mixing and 
placement techniques on sealing of Proroot MTA and MTA Angelus apical 
plugs using Micro CT imaging. Results showed that irrespective of mixing and 
placement techniques, the voids between the dentin walls and the apical plugs 
in the MTA Angelus group were greater than those in Pro Root MTA groups, 
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the mechanically mixed groups were significantly less porous than manually 
mixed groups p <0.05.Combined mechanical mixing and indirect ultrasonic 
activation yielded a less porous structure for both types of MTA than 
combined manual mixing and hand condensation p <.05,but no difference was 
found when indirect ultrasonic activation was performed p>.05 
 
C.Boca et al (2017)11 compared the performance of histological sectioning 
and Micro-CT imaging in detecting approximal carious lesions and spearmans 
correlation coefficient showed a good agreement between signs of carious 
lesions in the identical region obtained with both methods. Bland – Altman 
plots showed that 90.76% of the data points were within the limits of 
agreement and Micro CT imaging was shown to provide an interesting 
alternative to histological sectioning as detection method for carious lesions. 
 
William N. Ha et al (2017)43 reviewed to describe the commonly used ISO 
tests for MTA and to list findings from the literature on MTA using these tests 
and concluded that the results for ISO tests used for testing MTA can be 
biased by curing method of the MTA and that it should be cured in a way to 
represent the clinical usage of the material and this typically involves 
immediate placement and immediate testing of samples rather than curing the 
cement outside of testing conditions. 
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Nidhi Pravinchandra Solanki et al (2017)109 intended to compare the 
biocompatibility and sealing ability of MTA and Biodentine as root end filling 
material and it was concluded that the sealing ability of Biodentine along with 
its favorable biological properties show that materials can be used competently 
in clinical practice as a retrograde filling material,and long term assessment in 
clinical situations is necessary for further inferences. 
 
Sue Youn Kim et al (2017)63 evaluated the gap volume between the dentin 
and the root end filling materials and the samples were scanned with micro-ct 
.three dimensional images of the samples were reconstructed and the volume 
of the gap between the tooth structure and the root end filling materials were 
measured ,the percentage volume of gap between the tooth structure and the 
root end filling material was calculated .data were analysed using the Kruskal 
wallis and Mann whitney  tests at a significance level of 95%.It was concluded 
from the Micro CT analysis that Proroot MTA had a greater gap volume 
percentage than other root end filling materials. 
 
Subha Chhaparwal et al (2017) 22 evaluated the effect of 17% edta and 7% 
maleic acid irrigation on microleakage of MTA and Biodentine ,results 
showed that the saline group demonstrated significant higher leakage than that 
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of 17% Edta and 7% maleic acid in both MTA and Biodentine groups. 
However there was statistically no significant difference between 17% EDTA 
and 7% maleic acid group when MTA was used as root end filling material in 
Biodentine group,17% Edta showed more leakage than 7% maleic acid,7% 
maleic acid was able to remove the smear layer better than 17% Edta. 
 
 Yan Huang et al (2018)52 analyzed the ability of multiple compounds to seal 
the dentinal tubules using Scanning Electron Microscopy and Micro CT. 
Results showed that, according to SEM, both root canal sealers showed 
sufficient adaptation to dentin along the whole length of the root canal, though 
the coronal sections presented superior sealing than the apical sections , Micro 
porosity analyses revealed that the volume of closed pores and the surface of 
closed pores had the largest values in the coronal sections, followed by the 
middle and apical  sections for both sealants( p<0.05).However no significant 
difference was observed for those two parameters between AH Plus and 
Endosequence BC sealers in any of the three sections(p>0.05)whereas they 
were larger in the apical section when the AH Plus sealer was used. hence it 
was concluded that by using the single cone technique, neither Endosequence 
or AH Plus provides a porosity free root canal filling. 
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Camila Galletti Espir et al (2018)33 evaluated the solubility and sealing 
ability of MTA and root end filling materials and the results showed that for 
the 7 day period, ZOE presented highest solubility when compared with the 
other groups p<0.05 and for the 30 day period, No difference was observed 
among the materials ,lower bacterial leakage was observed for MTA and CSC 
ZRO2 and both presented better results than ZOE p < 0.05 and concluded that 
MTA and CSC/ZRO2 presented better sealing capacity which may be related 
to lower initial solubility observed for these materials in relation to ZOE 
 
Kallaya Yampiset et al (2018)126 evaluated the sealing ability of root canals 
obturated with bioceramic impregnated gutta percha cone or gutta percha with 
bioceramic sealer or AH Plus, in roundly prepared canals using matched single 
cone technique, based on bacterial leakage test ,and to analyse obturation 
quality using micro-computed tomography analysis. Results showed bacterial 
leakage at 20%-45% of samples with mean leakage times of 42-52 days. There 
were no significant differences in bacterial leakage among the groups. 
MICRO-CT showed minimal gaps and voids in all groups at less than 1%. 
 
Monika Ostapiuk et al (2018)89 compared the results obtained from the 
examinations of two different restorative composites with different cavities 
filling method are presented. Micro-CT was used for the evaluation of the 
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marginal integrity and quality of composite fillings in connection with 
microstructural investigations made by both optical and scanning electron 
microscopy. The experiments has shown that Micro-CT screening analysis for 
identification of individual components of tooth and fillings systems gives a 
high quality of images, it was possible to analyse and identify the porosity in 
the fillings. but the microscopy analysis has shown more information about the 
internal structure and quality of bonding between composite and 
enamel/dentine. The sonic fill gives better quality and bonding to structure of 
teeth than filtek. 
 
Fabricio Guerrero et al (2018)39 studied to compare the porosity of two 
repair cements, white pro root mat and Biodentine. these samples were 
analysed using micro- ct. The results showed the evidence that Biodentine has 
better porosity properties  than Proroot MTA, the results of this study quantify 
a smaller number of pores per surface, a smaller volume in each pore per mm3 
and a lower total porosity present in samples of Biodentine unlike Proroot 
MTA which is larger in both. 
 
Pradeep PS et al (2018)96 evaluated the shear bond strength of Biodentine 
and MTA ,the results showed that there was statistically significant difference 
between MTA and Biodentine,the bond strength values of Biodentine was 
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greater when compared to MTA and the bond strength of Biodentine was 
shown to be better when compared to MTA. 
 
Vladimir Biocanin et al (2018) 9 compared the retrograde obturation quality 
of calcium silicate, MTA ,and GIC ,the results showed no statistically 
significant differences among the contact angles of the studied materials after 
being soaked in SBF, the material with the lowest nanoporosity showed the 
highest values of microporosity and biodentine had the lowest value of 
microporosity and the lowest value of microgap to the root canal wall. It was 
concluded that Biodentine and MTA possess certain advantages over Fuji IX 
for hermetic obturation of retrograde root canals. 
 
Ahmed Rahoma et al (2018) 100 studied to measure the push out bond 
strength of three types of MTA in root dentin, and the results showed no 
statistically significant differences between the bond strengths of tested 
materials. Ortho MTA, MTA Angelus, and Proroot MTA materials showed 
similar push out bond strength values in root dentin. 
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MATERIALS AND METHODS 
ARMAMENTARIUM : 
 40 extracted mandibular molars 
 Size # 4 round bur ( Prime dental ) 
 Endo access bur  #16 (Dentsply) 
 Slow speed handpiece  (50,000 rpm) ( Sirona) 
 High speed hand piece  (180,000 rpm) (Waldent) 
 Normal Saline (Parenteral Surgicals Ltd) 
 Sodium hypochlorite 3% (Prime dental ) 
 White ProRoot MTA (Dentsply,Tulsa,OK,USA) 
 Biodentine (Septodont, Saint-Maur-des-fosses Cedex, France) 
 Amalgam parallelogram condenser (Gdc) 
 Amalgam carrier (Gdc) 
 Micro- CT (Bruker Micro-CT SKYSCAN 1174) 
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METHODOLOGY 
 
SAMPLE SIZE: 
         A total of 40 extracted human mandibular first molars were selected [Fig 1]. 
SELECTION AND PREPARATION OF THE SAMPLES: 
  Mandibular first molars extracted for various reasons from patients were 
obtained from the Department of Oral and Maxillofacial Surgery with the 
approval of the Ethical committee of Ragas Dental College and Hospital. These 
teeth were immediately washed under running water and stored in normal saline . 
Inclusion criteria:  
 Freshly extracted forty intact human mandibular molars with mature 
apices and separate roots were selected. 
Exclusion criteria: 
 Teeth with extensive dental caries, calcifications, immature apex, fused 
roots and fractured teeth were excluded. 
 Access cavities were prepared with Round bur #4 using high speed hand 
piece under copious irrigation with water spray. The pulp chamber floor was 
perforated in the middle with an endo access bur #16 in a low speed hand piece 
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and constant water spray ,the teeth were irrigated using 3% sodium hypochlorite 
and further rinsed with saline and air dried. The width of the perforation 
corresponded to the diameter of the bur and the depth was dependent on the 
dentine-cementum thickness from the pulp chamber floor to the furcation area.
87 
EXPERIMENTAL GROUPS: 
 In order to simulate clinical conditions all teeth were placed in  normal 
saline and the following materials were used to repair the perforations. The 
specimens were then randomly divided into two groups of 20 teeth each. (n=20) 
Group 1 - Mandibular first molars repaired with White ProRoot MTA   
Group 2 - Mandibular first molars repaired with Biodentine. 
 
REPAIR OF THE FURCAL PERFORATIONS 
 In Group 1, White ProRoot MTA was mixed according to the 
manufacturer’s instructions, to produce a homogeneous paste. The material was 
placed in the perforation site with Amalgam carrier and compacted .A cotton 
pellet moistened with saline was placed in the pulp chamber over the MTA 
surface for 72 hours. The cotton pellet was removed and the teeth were placed in 
the saline for 14 days after which, they were rinsed with water and air dried 
before Micro-CT evaluation. 
  In Group 2, Biodentine was mixed according to the manufacturer’s 
instructions until ideal consistency was achieved. The material was collected from 
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the capsule, placed in the perforations with a spatula and slightly condensed with 
Amalgam condenser and allowed to set for 12 minutes. After the Biodentine had 
set, the teeth were  placed in the saline for 14 days after which, they were 
removed ,rinsed with water and  air dried before Micro- CT evaluation. 
 
MICRO-CT EVALUATION:           
 Measurement of gap volume between the dentin/cementum walls and the 
repair material was then carried out. The  teeth were scanned using a high-
resolution micro CT system (Skyscan 1174,Skyscan,Aartselaar,Belgium).Each 
tooth sample was mounted in a plastic container on the scanning platform with the 
root oriented vertically. The x-ray transmission was set at 180 degrees of rotation, 
with the x-ray source set at 70kv/141 um. A 0.5 mm aluminum filter was used to 
cut off the softest x-ray. The raw data were reconstructed into images using 
Skyscan’s cluster reconstruction software(NRecon/NRecon Server).The actual 
values of gap was calculated from the margin of the perforation cavity to the 
repair material by the investigator by using the Image J program 
software.(National  Institutes  of  Health ,USA)  
 Quantitative analysis of electron micrographs was made using a software 
program (ImageJ 1.47 V, National Institutes of Health, USA). Initially, the 
software’s measurement tools were calibrated to present the measures in microns. 
Thereafter, ten points of maximum gaps in each sample is selected and measured. 
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The mean for each sample is caliberated and taken as the volume of gap present 
for each sample (in microns). 
 Qualitative measurement was completed based on a scale that classified 
the presence and the extent of marginal gaps in four scores. Two observers 
analyzed the images independently. The marginal adaptation was scored 
according to the criteria given by Selen Kuçukkaya Eren et al (2017) 
• Score 1: Indicates the absence of gap or presence of gap 1/4 of the area 
inthe cavity  
 • Score 2: Indicates the presence of gap in until 2/4 of the area in the cavity 
 • Score 3: Indicates the presence of gap in until 3/4 of the area in the cavity.  
• Score 4: Indicates the presence of gap in all area in the cavity.  
 
FLOWCHART ILLUSTRATING THE METHODOLOGY OF THE STUDY 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
40  extracted mandibular permanent human  molars with  fully developed non fused 
roots were used. 
The width of the perforation corresponded to the diameter of the bur and the depth was 
dependent on the dentin-cementum  thickness from the pulp chamber  floor to the 
furcation area. 
The pulp chamber floor was perforated in the middle with an endo access bur with a low 
speed handpiece and the teeth were irrigated using 3% NaOCl 
Access cavities  were  prepared with a round diamond bur using high speed hand 
piece  under copious irrigation with water spray. 
  
 
 
 
   
   
   
   
   
   
  
 
 
 
 
 
Group 1 -White ProRoot MTA 
 
 
Group 2 - Biodentine 
 
The teeth were randomly divided into two groups of 20 teeth each and furcal 
perforation was repaired  
Each sample was scanned under Micro-CT to evaluate the 
marginal adaptation of the material used and to measure the 
gap volume  
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RESULTS 
This study was designed to evaluate the marginal adaptation of White 
ProRoot MTA and Biodentine in repairing furcal perforation in mandibular 
first molars. Gaps at the restorative material and tooth interface was viewed 
under Micro-CT and measured using Image J software quantitatively. The 
Micro-CT images were evaluated qualitatively by the scoring criteria given by 
Selen Kuçukkaya Eren et al (2017). 
The experimental groups were divided into two groups of 20 teeth each:  
Group 1 - Mandibular first molars repaired with White ProRoot MTA and  
Group 2 - Mandibular first molars repaired with Biodentine. 
 
STATISTICAL ANALYSIS 
The following statistical procedures were carried out:- 
1. Data compilation and presentation 
 
2. Statistical analysis 
 
 
I. Data compilation and presentation: 
Data obtained were compiled systematically in Microsoft Excel spreadsheet. 
The dataset was subdivided and distributed meaningfully and presented as 
graphs and tables. 
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II. Statistical analysis: 
The data were analysed with IBM SPSS statistics software 23.0 Version. To 
describe about the data descriptive statistics frequency analysis were used for 
categorical variables and the mean & S.D were used for continuous variables. 
To find the significant difference between the bivariate samples in 
Independent groups the Unpaired sample t-test was used. To find the 
significance in categorical data Chi-Square test was used. In both the above 
statistical tools the probability value .05 is considered as significant level.  
 
 
QUANTITATIVE ANALYSIS 
Table 1 shows the Mean Gap Volume between Dentin and White ProRoot 
MTA in µm (11.84667), (5.496667), (12.44667), (6.1), (13.07333), 
(9.883333), (2.79), (2.65), (7.733333), (2.257667), (4.613333), (5.353333), 
(6.743333), (4.633) , (1.726667),  (2.786667), (5.843333), (13.23667), 
(5.863333), (6.683333). 
Table 2 shows the Mean Gap Volume between Dentin and Biodentine in 
µm(2.778333), (5.67), (4.676667), (5.196667),(5.483333), (2.46), 
(1.94),(4.836667), (4.89667), (14.27667), (3.826667),(3.65), (5.673333), 
(12.27667), (10.28),(7.39), (6.116667),(3.766667), (1.293333),(11.53667). 
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QUANTITATIVE ANALYSIS 
Table 3 and Graph 1 shows the Mean and SD of Gap in White ProRoot 
MTA and Biodentine Groups. White Proroot MTA group showed a mean gap 
of 6.59 ± 3.69187 whereas Biodentine group showed a mean gap of 5.90 ± 
3.56041. 
Table 4 shows the Statistical Comparison of Gap in White ProRoot MTA 
and Biodentine Groups. There was no significant difference in the Gap 
Volume on comparing White Proroot MTA and Biodentine groups(P = 0.553) 
 
QUALITATIVE ANALYSIS 
CRITERIA FOR  EVALUATION OF GAP BETWEEN DENTIN 
AND REPAIR MATERIALS: ( according to the criteria given by 
SelenKuçukkayaEren etal) 
 
Score 1: Indicates the absence of gap or presence of gap 1/4 of the area in the 
dentin and repair materials interface. 
Score 2: Indicates the presence of gap in until 2/4 of the area in the interface. 
Score 3: Indicates the presence of gap in until 3/4 of the area in the interface. 
Score 4: Indicates the presence of gap in all area in the interface. 
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Table 5 and Graph 2 shows the Distribution of Gap Scores in White 
ProRoot MTA Group. Score 1 was present in 6 samples, Score 2 in 6 samples, 
score 3  in 5 samples and Score 4 in 3 samples.  
Table 6 and Graph 3 shows the Distribution of Gap Scores in Biodentine 
Group. Score 1 was present in 8 samples, Score 2 in 6 samples, score 3  in 5 
samples and Score 4 in 1 sample.  
 Table 7 and Graph 4 shows the Comparison of Gap Scores in White 
ProRoot MTA and Biodentine Groups. Both groups showed higher number of  
samples with Score 1 (6 samples in White ProRoot MTA group and 8 samples 
in Biodentine group) and least number of samples with score 4 (3 samples in 
White ProRoot MTA group and 1 sample in Biodentine group). Score 2 and 3 
had equal number of samples in both groups (6 samples with score 2 in both 
groups and 5 samples with score 3 in both groups). 
Table 8 shows the Statistical Comparison of Gap scores in White ProRoot 
MTA and Biodentine Groups. There was no significant difference in the Gap 
Scores on comparing White ProRoot MTA and Biodentine groups (P = 0.512). 
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Table 1 : Mean Gap Volume between Dentin and white Proroot MTA  
 
S.No 
 
Mean Gap Volume  
(in µm) 
1 
11.84667 
2 
5.496667 
3 
12.44667 
4 
6.1 
5 
13.07333 
6 
9.883333 
7 
2.79 
8 
2.65 
9 
7.733333 
10 
2.257667 
11 
4.613333 
12 
5.353333 
13 
6.743333 
14 
4.633 
15 
1.726667 
16 
2.786667 
17 
5.843333 
18 
13.23667 
19 
5.863333 
20 
6.683333 
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Table 2 : Mean Gap Volume between Dentin and Biodentin  
 
S.No 
 
Mean Gap Volume 
(in µm) 
1 
2.778333 
2 
5.67 
3 
4.676667 
4 
5.196667 
5 
5.483333 
6 
2.46 
7 
1.94 
8 
4.836667 
9 
4.896667 
10 
14.27667 
11 
3.826667 
12 
3.65 
13 
5.673333 
14 
12.27667 
15 
10.28 
16 
7.39 
17 
6.116667 
18 
3.766667 
19 
1.293333 
20 
11.53667 
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QUANTITATIVE ANALYSIS  
 
Table 3 : Mean and SD of Gap volume in White Proroot MTA and 
Biodentine Groups 
 
 
 
 
 
 
 
Graph 1 : Mean and SD of Gap volume  in White Proroot MTA and 
Biodentine Groups 
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Mean and SD of Gap volume  in White Proroot MTA and 
Biodentine Groups
Groups Mean Std. Deviation 
MTA 6.59 3.69187 
BIODENTIN 5.90 3.56041 
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Table 4 : Statistical Comparison of Gap Volume in White Proroot MTA and  
Biodentine Groups 
 
Independent Samples Test 
 
Levene's Test 
for Equality of 
Variances 
t-test for Equality of Means 
F Sig. t df Sig.(2-tailed) Std. Error Difference 
Gap Volume in 
Groups 1& 2 
.121 .730 .599 38 .553 1.14687 
        # No Significant at P >.050   
 
 
QUALITATIVE ANALYSIS 
 
TABLE 5 : Distribution of Gap Scores in white Proroot MTA Group 
 
Distribution of gap scores in White Proroot MTA Group 
Scores No. of Samples  
Score 1 6 
Score 2 6 
Score 3 5 
Score 4 3 
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Graph 2 : Distribution of Gap Scores in white Proroot MTA group 
 
 
 
 
TABLE 6 : Distribution of Gap Scores and Biodentine Group 
 
Distribution of gap scores in Biodentine Group 
Scores No. of Samples 
Score 1 8 
Score 2 6 
Score 3 5 
Score 4 1 
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Graph 3 : Distribution of Gap Scores in Biodentine Group 
 
 
Table 7 : Comparison of Gap Scores in White Proroot MTA and Biodentine 
Groups 
 
Group Score 1 Score 2 Score 3 Score 4 
White Proroot MTA 6 6 5 3 
Biodentine 8 6 5 1 
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Graph 4 : Comparison of gap scores in  white Proroot MTA and Biodentine 
Groups 
 
 
 
 
 
Table 8 : Statistical Comparison of Gap Scores  in White Proroot MTA and 
Biodentine Groups 
Independent Samples Test 
 
Levene's Test for 
Equality of 
Variances 
t-test for Equality of Means 
F Sig. t df Sig.(2-tailed) Std. Error Difference 
GAP % .259 .613 .662 38 .512 7.555 
# No Significant at P >.050  
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DISCUSSION 
 Perforation is the communication between the  root canal system and 
the supporting tissues of the teeth that may occur  due to  pathologic or 
iatrogenic causes.
23,101 
Perforations are frequently seen in anatomically 
vulnerable locations such as the mesial roots of mandibular molars, furcation 
area between buccal roots of maxillary molars, and in malposed teeth.
23,101
 In 
endodontic literature, its incidence ranges between 3 to 10 percent of 
endodontically treated teeth.
23
 Fuss and Trope classified the perforations into 
coronal, crestal and apical portions.
34
 Kvinnsland et al in his study showed that 
53% of iatrogenic perforations occur during post space preparation and the 
remaining 47% during the endodontic procedure.
69
 It was also found that 73% 
of the perforations occurred in the maxillary arch and the remaining 27% 
occurred in the mandibular arch.
69
 
       Adequate knowledge of the pulp chamber anatomy and anatomical 
variations of the tooth is required to prevent complications.
23
 Frequently, 
coronal perforations occur when anatomical variations are not foreseen during 
access preparation  and due to improper orientation of the bur.
101
 In 
multirooted teeth, furcal perforations occur due to excess removal of dentin 
from the chamber floor during the identification of canal orifices. According 
to Kvinnsland et al, in maxillary anterior teeth, perforations occur at the labial 
root aspect due to the underestimation of palatal root inclination.
69
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        Among the various types of perforations, furcal perforations which 
occur in  posterior teeth compromise the health of periodontal ligament 
affecting the prognosis of the tooth.
1,101
 Perforations occurring at the furcal 
region and coronal thirds have guarded prognosis, due to their proximity with 
the gingival sulcus 
121
,whereas the perforations at the middle and apical thirds 
of root have better prognosis. 
          A perforation close to the crestal bone and the epithelial attachment is 
critical due to the contamination caused by bacteria. Furthermore, apical 
migration of the epithelium to the perforation site results in creating a 
periodontal defect.
23
 The development of inflammation, periodontal fibers 
destruction, resorption of the bone, formation of granulomatous tissue,  
epithelial proliferation and development of a periodontal pocket may 
ultimately lead to loss of the tooth.
101
The size of the perforation depends on 
the instrument used. Commonly, perforations formed at the furcation area  
with a round bur will  be circular and large.
101,23
 The size and the interval of 
the defect created  will have a major influence on the prognosis. 
     Ideally, perforations which are treated immediately showed favorable 
healing by preventing bacterial contamination. 
6,23,101
 Non surgical technique 
is preferred to preserve the periodontium and surgical intervention is 
considered if the disease persists.
72,122,101,56
 Along with  accurate diagnosis and 
treatment plan, selection of a suitable material also plays an important role in 
successful sealing of the perforation. 
57
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       Historically, various  materials  such as Amalgam, zinc oxide eugenol 
cement, decalcified freezed dried bone, IRM, Cavit, Hydroxyapatite ,Dentin 
chips, Super EBA, Calcium hydroxide, Gutta percha, RMGIC, Composite 
resin,6 were used for perforation repair , but showed several unfavorable 
effects with their usage.
72,56
 Amalgam was earlier considered as an ideal  
repair material. In a study on  the effect of matrix placement, Plaster of Paris 
matrix was used to  improve the seal with Amalgam.
56
 A study by Eldeeb 
Mahmoud et al showed that, Amalgam when used as restorative material 
showed superior seal as compared to Cavit and Calcium hydroxide.
30
  
Amalgam was  found to be more acceptable than  Gutta Percha according to 
Benenati et al
8 
and it was also concluded that  perforations repaired with 
Gutta-Percha  failed more often than Amalgam repairs.
8
 The use of composite 
had shown a highest rate of over filling when used to repair perforations. 
Dentin chips when used as matrices under AH26 for obturation of perforation 
defects showed periodontal pocket formation apical to the perforation. In a 
study conducted by Hartwell et al,. a few negative findings, such as a growth 
of epithelium  and absence of a new bone formation were seen in all the 
specimens repaired using decalcified freezed dried bone.
47
 Tricalcium 
phosphate was shown to cause increased amount of inflammation compared to 
Amalgam and hydroxyapatite.
72
 
  It was seen that the materials  used  earlier didn’t fulfill  the criteria of 
an ideal perforation repair material which led to the invention of new material 
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like MTA. (Torabinejad et al 1993) MTA is composed of tricalcium silicate, 
tricalcium oxide, silicate oxide, bismuth oxide and mineral oxide with a 
setting time of 2 hours 45 minutes. 
117,88,43
 The slow setting time of MTA lead 
to its questionable integrity when used as a root end filling material. In  
addition, its granular consistency ,looseness and inability to be easily handled  
and manipulated is a disadvantage.
57,60
 In 1999 ProRoot MTA was 
commercially introduced in USA by Tulsa Dental Products, Tulsa ,OK,USA 
.MTA Angelus was first made available in Brazil in the year 2001 by Angelus 
Solucoes Odontologicas, Londrina, Brazil .Endocem MTA was introduced as 
a fast setting cement and Retro MTA  with an addition of  calcium zirconia 
complex 
63
 MTA is available in Grey and White versions, the Grey MTA was 
used in most of the  initial research studies and  due to its ability to stain when 
left in the crown, its white version was introduced in 2002. White ProRoot 
MTA showed less staining  and the difference was due to decrease in 
concentration of iron ,aluminum and magnesium oxides .
117,80 
Hydration of the 
powder leads to the formation of  a colloidal gel, which  solidifies into a hard 
structure in approximately 2 hrs 20 minutes 
43
 .When MTA is used as a root-
end filling material, it directly contacts fibroblasts, cementoblasts and 
osteoblast cells of the periodontal ligament (Nobuyuki Taniishii) by 
stimulating cementoblasts to produce matrix for cementum formation.
115
 MTA 
thus show biocompatibility with the periradicular tissues by providing a 
superior sealing ability when used for perforation repair.
78
 The main 
characteristics of the aggregate depend on entrapped air, the presence of water 
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during setting , powder to water ratio, size of the particles and also the setting 
temperature. When Amalgam, IRM and MTA were tested for repair of 
experimentally created root perforations, results showed that the MTA had 
significantly less microleakage than IRM or Amalgam.
112
 According to 
Weldon JK et al., the combination of MTA and Super EBA provided a more 
rapid seal than MTA alone. 
125
White ProRoot MTA was used in sealing the 
perforations of teeth  in a study by  Chang et al, which contained significantly 
less arsenic, lead, chromium than Portland cement and it was concluded that 
purity
21
 of White ProRoot MTA and Portland cement was not comparable. 
White MTA contains much less iron than gray MTA.
117
 In this study White 
ProRoot MTA was used as the  repair material for group 1 samples. 
           In endodontics, the need to invent a  new or ideal material is a 
continuous process.
1
 Biodentine, introduced by Septodent in 2009, is 
specifically designed to be used as a dentin replacement material. Biodentine 
is composed of two components- liquid and powder, powder consists of 
tricalcium silicate, dicalcium silicate, calcium carbonate and oxide, iron oxide 
,zirconium oxide, and the liquid consists of calcium chloride and hydrosoluble 
polymer.
26
 Zirconium oxide ensures adequate radiopacity and  provides 
stability with no risk of discoloration and leaching which is implicated with all 
materials using bismuth oxide as radiopacifier. 
15
 The material claimed to 
overcome the disadvantages of MTA with advantages such as superior 
compressive strength, better handling properties and fast setting time. It is also 
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biocompatible and interacts with hard tissues by micromechanical retention 
along with its proven tissue repairing abilities.
26 
          Biodentine shows high early push out bond strength which do not 
deteriorate when comes in contact with blood.
15
 It is also not affected by  
irrigating solutions indicating material stability.
15
 Another important property 
of Biodentine is its marginal adaptation to the dentin which provides an ideal 
seal and prevents microleakage.
77,79
 Confocal laser scanning electron 
microscopy and Scanning electron microscopy were used to study the 
interface between dentin and Biodentine and results showed that tag like 
structures were formed into the dentin tubules . In Biodentine the formation of 
biomineralization-tag (ability to form apatite in the presence of phosphate 
solution) have improved the sealing ability of Biodentine compared to MTA. 26 
According to a study done by Sakshi Malhotra et al in 2015 of all the materials 
used in the perforation repair, less microleakage was seen in samples repaired 
using Biodentine with statistically significant results.
77
 In this study 
Biodentine was used as the repair material for group 2 samples. 
 For an ideal perforation repair material, microleakage must be minimal 
or absent to prevent the diffusion of bacterial products from the periodontal 
tissue to the root canal system and vice versa.
1
 Torabinejad  et al stated that a 
material which prevents the penetration of small molecules like dye will 
prevent larger  bacterial  substances along with its  byproducts.
119
 Improper 
marginal adaptation leads to microleakage and several techniques are used to 
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evaluate the  interfacial gap formation and microleakage.
29
 Majority of the 
studies are carried out  with the use of dyes as tracers, where, a dental 
restoration is immersed in the dye solution for a  certain period of time, then 
the specimen is sectioned for visualization of dye penetration around the 
restorative material.
16
 One of the main disadvantage of this method is that, it 
only provides a qualitative assessment, by  confirming the presence or absence 
of the dye in the section studied.
16
 A variation in this approach is used by 
incorporating a non-parametric scale, and by providing a semi quantitative 
score depending on the degree of dye penetration. However, the score 
definitions and the scale used vary among the studies, which make the results 
not entirely reliable or discriminative. In addition, evaluation can only be 
carried out by sectioning the sample, which can be misleading since there will 
be no uniformity of the dye infiltration throughout the interface.
16
 The 
bacterial leakage test though comparatively is more relevant, has drawbacks 
which requires a long time for the test, which is approximately longer than a 
month.
63 
         Variations are seen in the results carried out by different procedures, it 
was necessary to develop techniques which accurately quantify and evaluate 
interfacial leakage.
16
 One such latest method is Micro-CT, used to study 
composite shrinkage, gap between the filling and the tooth structure, volume 
of the root canal filling, the shaping and sealing ability of various root canal 
instruments and sealants.
32,27,19
 It allows 3D reconstruction of the entire dental 
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restoration and the surrounding tissues.
19
 The different components are 
identified based on the differences in their ability to attenuate the x ray, with 
the differences being converted into a range of gray scale values. Cavenago et 
al proposed the use of  Micro-CT for quantifying the solubility of MTA used 
as a root end filling material.
17
 Silvia, et al used it to observe dimensional 
changes and solubility of AH Plus and MTA Fillapex sealers.
105
 The main 
advantage of Micro-CT is its ability of being non-destructive, to the study 
specimens.
11,63 
              Technically the Micro-CT has advantages over the common ground 
sectional slicing method.
111
 Since, no information is lost through slicing and 
almost the entire margin will be visible for inspection while the latter allows 
the determination of the point at the deepest penetration, which provides an 
accurate measure of a restorative material bonding to the tooth surfaces.
37,109,85
 
Its disadvantages are its cost and the lack of applications in long term 
studies.
128
 Zaslansky et al raised questions about human mistakes and 
difficulties determining the differences between the filling materials, and the 
canal walls by  Micro-CT images can have some misleading differences of the 
contrast between the 2 different interfaces .
128
 Micro-CT is used to evaluate 
the gap at the interface of dentin and restorative material quantitatively and 
qualitatively in the present study.
36 
   The mandibular first molars used ,were perforated at the middle of the 
pulp chamber floor, but not standardized as compared to the conventional slice 
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method.
87
 The width of the perforation corresponded to the diameter of the bur 
and the depth was dependent on the dentine-cementum thickness from the 
pulp chamber floor to the furcation area.
87
 The teeth were irrigated with 3% 
NaOCl and stored in normal saline solution for a period of 14 days  since ,a  
material can be considered biocompatible if the inflammatory reaction is 
reduced to nonsignificant levels in a period of 14 days time.(Mori et al)
83
 
Since surgical procedure for furcal perforations may induce pocket formation, 
nonsurgical methods especially in inaccessible areas are favoured.
124
 Ideally 
perforations should be immediately sealed with a biocompatible material to 
achieve a more favorable prognosis.
15 
       According to Mori et al, the biocompatibility of a dental material is 
necessary for avoiding inflammatory reactions and by allowing repair.
83
 A 
biocompatible material should present negligible toxicity without exhibiting 
an inflammatory reaction, and if present should be nonsignificant or mild. In a 
study by Nunez et al, the cytotoxic effects of Biodentine and MTA on human 
pulp cell cultures were tested, stating no toxicity with the use of Biodentine 
when compared with MTA.
88
 It was also seen that MTA and Biodentine do 
not affect the specific function of target cells. Both the materials were allowed 
for cellular viability and the proliferation of cells for over a period of 72 hours. 
Further, it was shown that the cells in contact with Biodentine and MTA 
showed a similar cell viability.
88
 Furthermore, the mRNA expression of 
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interleukin (IL)-1α and IL-6 when comes in contact with Biodentine was 
similar to those of cells in contact with MTA.  
        A study by Khedmat et al concluded that the monocyte viability 
improved with time  in both MTA and Biodentine and this could be due to the 
decerease in the amount of cytotoxic substances from the repair materials.
61
 
Saxena et al in a study stated that the deposition of cementum occurs on the 
root end by inducing an additional seal at the site of the repair material by 
creating a double seal.
103 
         The teeth in both the groups were repaired non-surgically using two 
different materials White ProRoot MTA and Biodentine. The samples were 
randomly divided into two groups of 20 teeth each. In Group 1, the furcal 
perforations were repaired using White ProRoot MTA (Dentsply) and in 
Group 2, the furcal perforations were repaired using Biodentine (Septodent). 
The teeth were stored in containers filled with normal saline for a period of 14 
days to check the biocompatibility of the repair material.
83
 In Group 1,White 
ProRoot MTA was mixed according to the manufacturer’s instructions ,by 
producing a homogenous paste and the material was placed in the perforation 
with an amalgam carrier 
87
,by gently compacting with an amalgam condenser, 
and pressed using a wet cotton pellet. In Group 2, Biodentine was mixed 
according to manufacturer’s instructions until a homogenous consistency was 
achieved. The material was then collected from the capsule and placed at  the 
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site of perforation  with a spatula and condensed slightly using amalgam 
condenser and allowed the material to set for about 12 minutes.
87 
            Coronal restoration was not done after perforation repair since a few 
reports confirmed the interaction between MTA and filling materials. 
According to a study by Camilleri et al 
15
 it was reported that MTA interacted 
with adjacent restorative materials which resulted in elemental migration 
between MTA and other restorative materials. The study also suggested that 
the Zinc Oxide Eugenol based cements should not be used adjacent to MTA 
since, zinc causes retardation of cement hydration resulting in increased 
porosity. It was also reported that the placement of Glass Ionomer Cement on 
partially set MTA resulted in weak restoration due to its loss of water content 
to MTA during the hydration reaction .
15
  
            The teeth samples were scanned using a high-resolution Micro-CT 
system ( BRUKER SkyScan 1174, SkyScan, Aartselaar, Belgium). Each 
section was mounted in a plastic container on the scanning platform with the 
root oriented vertically.(43,44) The x-ray transmission was set at 180 degrees 
of rotation, with the x-ray source set at 70 kV/141 μm. A 0.5 mm aluminum 
filter was used to cut off the softest x-ray. The raw data were reconstructed 
into images using SkyScan’s cluster reconstruction software (NRecon/NRecon 
Server). The marginal adaptation of the repair material to the furcation area 
was measured from the reconstructed images using the software, Image J 
program and (version 1.47, National Institutes of Health, Bethesda, MD, USA) 
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for quantitative analysis. The interface between the repair material and the 
dentin at the furcal area were measured in ten randomly selected transverse 
sections, and the mean gap was calculated. Micro-CT screening analysis of the 
teeth for identification of individual microstructures, thickness of dentin and 
cementum at furcal area was performed pre-operatively in the first phase of 
the study. Figure7a,7b,8a,8b shows the pre-operative image of a specimen, 
Figure 9a,9b,10a,10b shows post-operative images after furcal perforation 
repair. (9a) Furcal perforation repair done using White ProRoot MTA and 9(b) 
Furcal perforation repair done using White ProRoot MTA and Biodentine , are 
shown as reconstructed images on cross sections in xyz axis .(fig no 10a,10b). 
 The Repair materials used are the most distinguishing features in the 
reconstructed cross sections. Diffferences in the gray scale result from 
diversified x ray absorption enabling detailed analysis of the components. All 
cross sections have been analysed and the most characteristic images have 
been selected, showing the repair materials used. 
 The marginal gap  between the White ProRoot MTA  material  and the 
dentin is visible in (figure 9 a ) ,it is situated around the filling  and the central 
part of filling is characterized by fine porosities and marginal crevice, in 
(figure 9 b) sample restored with Biodentine, also shows the porosities and the 
presence of marginal crevices which are  detected in the whole structure of the 
material.
88 
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 Marginal adaptability is checked in the images (figure no.9a,9b) and 
also in  cross sectional view of the teeth (figure no.10a,10b). The length of the 
tooth from the floor of pulp chamber  i.e.,5mm from the upper coronal  part of 
the tooth has been selected because it was the most specific area of 
discontinuities occurring in filling.
98,2
 Image J software (Bethesda, Maryland, 
USA), is employed to measure the exact gap areas present in the restoration 
dentin interface for a quantitative analysis.
66
 Ten points of maximum dentin-
filling interface have been randomly chosen in each Micro-CT image and 
measured using Image J software for exact and precise results. 
 The results of the present study showed that White ProRoot MTA 
group exhibited a mean gap of 6.59µm; whereas Biodentine group showed a 
mean gap volume of 5.90µm. Comparing gap in White ProRoot MTA and 
Biodentine Groups, it was seen that Biodentine Group showed 0.69 µm less 
gap at the interface of restoration and dentin when compared to White ProRoot 
MTA group. Statistical analysis showed that there was no significant 
difference in the Gap Volume on comparing White ProRoot MTA and 
Biodentine groups. (P = 0.553) According to the results of this study, both 
White ProRoot MTA and Biodentine yield acceptable results as furcation 
repair materials with Biodentine showing comparatively less gap at the 
interface. 
      Koubi et al evaluated marginal integrity of restorations by using 
Biodentine and related that the reduction in the particle size of calcium silicate 
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cement cause a small expansion of the material which contributes to its 
improved filling ability.  
        The results were similar to a study by Roshan Chandrakant Sinkaret al 
107
, who concluded that ProRoot MTA, Retro MTA, and Biodentine showed a 
comparable sealing ability to each other but the best seal was provided by 
Biodentine. The biomineralization ability of Biodentine, may be due to many 
possible qualities such as due to tag formation, greater silicon and calcium 
uptake from the adjacent root canal dentine. Least microleakage  which could 
be the probable reason for its least dye absorbance and thus provide a better 
seal 
107
 In a study by  Nunez C M et al,  the cells in contact with Biodentine 
and MTA showed a similar viability to  the control cells which were untreated 
at all time points, with an exception of about 6 hours when  the viability was 
seen to be decreased in both treatments.
88
 A scanning electron microscopy 
analysis revealed cells adhering to most of the Biodentine surface after a 
period of 24 hours. In the case of MTA samples, significantly fewer cells were 
observed. The messenger RNA expression of IL-1α and IL-6 by cells in 
contact with Biodentine was shown to be similar to  the cells  when in contact 
with MTA.
88
 Malhotra and Hedge, conducted a study which showed that the 
smaller size of Biodentine particles enhanced the adaptation at the cavity wall  
and the decreased porosity and pore volume of Biodentine resulted in better 
sealing ability than MTA.
77 
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           A study by Bolhari et al showed the comparison between the sealing 
ability of MTA and Biodentine and concluded that both materials has a similar 
composition with Calcium Silicate as their main constituent.
13
 Another 
combined study by Radeva et al, Han and Okiji , Kokate and Pawar, Chalas et 
al, stated that the dentine element uptake was higher in Biodentine compared 
to MTA.
99,45,64,95,20
 Han and Okiji   conducted a study using calcium silicate -
based cements and concluded that the calcium phosphate apatite form a 
deposit by forming a layer of spherulites which fill the superficial porosities.
45
 
They also stated that the mechanochemical bonding is similar in both MTA 
and Biodentine. Hindlekar et al in a study stated that dentin regeneration is 
stimulated by the induction of odontoblast differentiation from the pulp 
progenitor cells when the tricalcium oxide reacts with the tissue fluid.
50
  
           Another advantage of Biodentine is,its fast setting time which reduces 
the bacterial contamination by preventing the prolonged leakage.  Soundappan 
et al conducted a study that showed MTA to be better than Biodentine and 
stated that the absence of a gap between MTA and dentin was due to the 
possible expansion of material after setting.
110
 Bolharii et al showed that both 
MTA and Biodentine had similar chemical composition with calcium silicate 
as the main constituent.
13 
 There has been relatively few studies on the morphology of MTA– 
dentin interface,the interfacial layer formed between the MTA and Biodentine,  
as a result of  biomineralistion and some tag like structures  were seen in this 
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process. These were the pioneering reports showing that tag like structures 
were formed in the MTA dentine interface. These tag like structures were 
believed to be due to the result of ionic dissolution of MTA which resulted in 
growth and nucleation of the apatite layer.
21 
 A qualitative analysis was done in the present study to evaluate the gap 
between dentin wall and repair materials, Micro CT images were coded and 
scored by blinded evaluators by using qualitative scale , Gap measurement 
was done based on a scale of four scores described by Selen Kuçukkaya Eren 
et al 
66
.Two previously calibrated observers analyzed the images 
independently. Re-evaluation of the image  was done when a difference in 
score occurred and discussed it until an agreement was obtained. 
 In the White ProRoot MTA group, 6 samples showed a gap score of 1 , 
6 samples showed score value 2, followed by 5 samples with score value 3 and 
3 samples with score value 4.( table 7,graph 4) 
 In the Biodentine group, 8 samples showed a score value 1,1 sample 
showed score value 4, 6 samples showed score 2 and 5 samples showed score 
3. (table 7,graph 4) 
          The quality of the interface is an important factor for the survival of a 
restorative material in clinical conditions; the marginal adaptation with the 
surrounding material (dentine, cementum and dental material) are 
determinative features. A similar study by Jameel M. A. Sulaiman investigated 
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the interfacial seal between the enamel and dentine and three restorative 
materials: Biodentine, MTA and GIC by Scanning Electron Microscope.
111
It 
showed that there is a direct contact (without a gap), between Biodentine and 
the natural dentine. After comparing the interfaces, they were shown to be 
very similar and the mean diameter of the gaps were shown to gradually 
decrease with time. The interface between MTA and Dentine became more 
intimate after 28 days of storage. The possible reason for the decrease in 
diameter of gaps is the slight expansion of MTA upon setting. 
 Comparing  the criteria given by Selen Kucukkaya Eren , table 7 
shows that both groups exhibited higher number of  samples with Score 1 (6 
samples in White ProRoot MTA group and 8 samples in Biodentine group) 
and least number of samples with score 4 (i.e)  approximately a 100 % gap (3 
samples in White ProRoot MTA group and 1 sample in Biodentine group).( 
Selen Kuçukkaya Eren et al,) Score 1: Indicates the absence of gap or presence 
of gap 1/4 of the area in the  dentin and repair materials interface. Score 2: 
Indicates the presence of gap in until 2/4 of the area in the interface. Score 3: 
Indicates the presence of gap in until 3/4 of the area in the interface. Score 4: 
Indicates the presence of gap in all area in the interface. Here, minimal 
samples exhibited a score value of 4. 
 Results of this study were similar to the studies done by Biocanin et al, 
where Marginal gaps between  Calcium silicate and Glass ionomer cements 
were found to have the  highest values compared to Biodentine which showed 
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the lowest marginal gap at the cement-dentin interface.
9
 In a comparative  
study done by Torabinejad et al  with MTA and other root end repair 
materials, MTA showed minimal gap volume and better adaptation compared 
to Amalgam, SuperEBA and IRM.
119 
         Table 8 shows the Statistical Comparison of Gap scores in White 
ProRoot MTA and Biodentine Groups. There was no significant difference in 
the Gap Scores on comparing White ProRoot MTA and Biodentine groups (P 
= 0.512). 
         Comparing the gap at interface of repair material and dentin, both White 
ProRoot MTA and Biodentine were adapted marginally in a similar way at the 
perforation sites. Though White ProRoot MTA seems to have a slight greater 
gap than Biodentine, it is of no statistical significance.  Hence, both the repair 
materials can be used in perforation management. The disadvantages of the 
repair materials should be considered before its use, and one such important 
property to be considered is the solubility of the repair material. Slower setting 
rate of White ProRoot MTA leads to increased solubility (Parirokh 2010),
92
 
which can also contribute to a poor marginal adaptation on comparison with 
Biodentine. Singh et al compared the solubility of MTA, IRM, GIC and 
Biodentine at 24 hours, 3, 10, 30 and 60 days by concluding that Biodentine 
showed greater solubility at the time intervels of 30 and 60 days.
106
 Kaup et al 
evaluated the solubility of Biodentine and ProRoot MTA where Biodentine 
showed greater solubility after a period of 28 days
58
.The increased solubility 
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of Biodentine is therefore considered as one possible drawback when 
compared to MTA . 
 The present study is an invitro study where there are certain inherent 
limitations such as that of replicating the oral environment and, the properties 
of the materials might change in the presence of blood at the site of furcation. 
Hence, further research using a larger sample size and in vivo studies need to 
be done to correspond the results. The null hypothesis is that, though it was 
theorized, that there will be certain differences in the marginal adaptation of 
gold standard White ProRoot MTA and Biodentine, due to their differences in 
composition and setting time. There was no statistically significant difference 
between both the repair materials. 
            Within the limitations of this study, in both qualitative and quantitative 
analysis, Group 1 ; White ProRoot  MTA) and Biodentine ;Group 2 adapts 
well to the dentin at the furcal perforation site of the mandibular first molars. 
Hence, White ProRoot MTA and Biodentine can be used as repair materials at 
the site of furcal perforation with good marginal adaptation. 
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 SUMMARY  
  The purpose of the present study was to evaluate the marginal 
adaptation of White ProRoot MTA, and Biodentine as furcal perforation repair 
materials in mandibular first molars using Micro-CT. 
 A total of 40 extracted human mandibular first molars were employed 
in this study. Access cavities were prepared with Round bur using high speed 
handpiece under copious irrigation with water spray. The pulp chamber floor 
was perforated in the middle with an endo access bur in a low speed handpiece 
and constant water spray irrigation .The teeth were irrigated using  3% NaOCl 
followed by final irrigation with saline and air dried.  
  The samples were randomly divided into two groups of 20 teeth each 
based on the material used to repair furcal perforation. Group 1: White 
ProRoot MTA ; group 2 : Biodentine.  
 Then samples were prepared for Micro-CT  analysis (n=40) . Samples 
were viewed under Micro-CT, the x ray transmission was set at 180 degrees of 
rotation, with the x ray source set at 70kv/141µm. The images were analysed 
quantitatively by Image J software to measure the gap at restorative material 
and dentin interface. In qualitative analysis the gap at interface was estimated 
by scores given by Selen kukucaya et al. Statistical analysis was performed by 
IBM SPSS statistics software 23.0 Version. The p value was set for 0.05, any 
value equal or less than was considered to be significant. 
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CONCLUSION 
 Within the limitations of the present study it can be concluded that: 
1. Gaps were observed in all the specimens, irrespective of the materials 
used for repair of furcal perforation , gap at the interface of dentinal 
walls and repair  materials were inevitable in perforation repair. 
2. Quantitative analysis showed that White ProRoot MTA adapts 
adequately to the dentinal wall in perforated region with a mean gap of 
6.59 ± 3.69187 µm at the interface   
3. Biodentine adapts adequately to the dentinal wall in perforated region 
with a mean gap of 5.90 ± 3.56041µm at the interface   
4. Qualitative analysis showed that In White ProRoot MTA group, the 
number of samples was highest for score1, followed by score 2, score 3 
and least number of samples showed score 4. 
5. In Biodentine group, highest number of samples showed score 1 
followed by score 2, score 3 and least number of samples showed score 
4 according to qualitative analysis 
6. According to both quantitative and qualitative studies the marginal 
adaptation of Biodentine group was better than  White ProRoot MTA 
group but there was no significant difference between the groups. 
Hence, Biodentine and White ProRoot MTA are proficient repair 
materials in furcal perforations of permanent mandibular molars. 
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